Erwinia carotovora has been particularly studied because of its pathogenicity to several crops, of which the potato crop is the most important (22). The E. carotovora species has been divided into the four subspecies atroseptica, carotovora, betavascularum, and wasabiae on the basis of physiological and biochemical features and pathogenesis (7, 12, 29) .
E. carotovora subsp. atroseptica, E. carotovora subsp. betavasculorum, and E. carotovora subsp. wasabiae have narrow host ranges: E. carotovora subsp. betavasculorum causes soft rot on sugar beets (33) , E. carotovora subsp. wasabiae has been isolated from Japanese horseradish (7) , and E. carotovora subsp. atroseptica is usually restricted to potatoes in cool temperate climates (21) . Some E. carotovora subsp. atroseptica strains not isolated from potatoes have been called atypical, because they exhibit some particular physiological feature, like the ability to grow at 37°C (16, 26) . A new subspecies called odorifera has been proposed for the atypical E. carotovora subsp. atroseptica strains which are pathogenic to chicory and produce odorous volatile metabolites (6) . The other atypical strains have been identified as E. carotovora subsp. carotovora strains on the basis of phenotypic and genotypic characteristics (4, 26) . E. carotovora subsp. carotovora is widely distributed in the world and has a broad host range (24, 28) , while E. carotovora subsp. carotovora strains may exhibit variation in pathogenicity to plants (28) .
E. carotovora subsp. atroseptica is considered the typical blackleg agent in Europe because of its abilities to be pathogenic at low temperatures (<25°C) and to induce disease early in the growing season, which increases decay (24) . Most E. carotovora subsp. carotovora strains cannot produce typical blackleg symptoms at low temperatures (26) .
Although French potato seed producers consider E. carotovora subsp. carotovora an opportunist rather than a primary disease causal agent, E. carotovora subsp. carotovora exhibits increased pathogenicity at temperatures greater than 25°C and seems to be associated with potato blackleg in Arizona and Colorado (30) .
Effective controi of bacterial diseases consists mainly of prophylactic practices that would benefit from tools allowing detection of a specific pathogen at its minimal level of infectivity (13, 19) . Specifically, an identification tool is necessary to discriminate E. carotovora subsp. atroseptica from E. carotovora subsp. carotovora. As shown by phenotypic studies, there are differences in the nutritional and ecological features, optimum growth temperatures, host range, and pathogenicity of these two subspecies (12, 23) . Such characteristics or other differences should appear at the genomic level.
Genomic subtraction (3, 32) was undertaken between E. carotovora subsp. atroseptica 86.20 (a source of prospective probes) and E. carotovora subsp. carotovora CH26 (subtracter DNA). Strain CH26 was isolated from potato and was unable to induce blackleg under controlled conditions (26) .
(Part of this work has been patented [4a] .)
MATERIALS AND METHODS
Bacterial strains and plasmids. Bacterial strains and plasmids used to isolate and clone the specific sequences are described in Table 1 . The microorganisms tested in dot blot hybridization experiments with the generated probes are presented in Table 2 . Erwinia and Escherichia coli strains were grown in Luria broth medium (18) at 30 and 37°C, respectively. The following antibiotics were used: ampicillin (50 ,ug ml-') and streptomycin (100 ,ug ml-'). DNA preparation. Total genomic DNA was extracted and purified by the method of Klotz and Zimm (10) .
The DNA from which specific probes were desired (target DNA) was digested to completion with Sau3AI according to the supplier's instructions. After digestion, DNA was extracted once with phenol-chloroform, precipitated with ethanol, washed, and resuspended at 0.1 ,ug pPl`in EE buffer (pH 8.0) (10 mM N-2-hydroxyethylpiperazine-N'-3-propanesulfonic acid, 1 mM EDTA).
Two hundred micrograms of the DNA used to subtract nonspecific sequences (subtracter DNA) was fragmented by sonication in 3 ml of EE buffer in a Vibra-Cell (Sonics and Materials, Danbury, Conn.) in the continuous mode and with an output setting of 5. The average size of DNA fragments was approximately 1 kb for 20 s. The sheared DNA was concentrated with 7.5 ml of 2-butanol, ethanol precipitated, washed, and resuspended at 1 pug pI`in water.
Genomic DNA for dot blotting was extracted as described above with 10-fold-lower volumes. DNA purity was determined by spectrophotometry and electrophoresis after endonuclease digestion with EcoRI.
Large-scale preparations of plasmid DNA were made from clear lysates (15) followed by two centrifugations in a cesium chloride and ethidium bromide density gradient (15) . Miniscale preparations were made by the rapid boiling method of Holmes and Quigley (8) .
[k-32PJdATP DNA labeling. DNA (27) , using the Sequenase kit (United States Biochemical Corporation, Cleveland, Ohio). Sequences were analyzed with the programs developed by the Genetics Computer Group (5), using GenBank and EMBL data bases for homology searches.
Nucleotide sequence accession numbers. The sequences of the six DNA fragments called probes A to F were deposited in GenBank data base and assigned accession numbers L15412 to L15417, respectively.
RESULTS
Calibration of subtraction. Our subtraction protocol was based on the method described by Straus and Ausubel (32) . Because the material used was not identical, some preliminary tests were necessary to adapt the protocol.
After biotinylation of DNA, binding conditions with streptavidin were tested: 1 ,ug of sheared o-32P-labeled 3937 DNA was mixed with 49 ,ug of sheared 3937 DNA. The mixture was biotinylated as described in Materials and Methods. Samples (10 ,ug) of biotinylated DNA were incubated with different concentrations of streptavidin Dynabeads (0.5, 1, 2.5, and 5% solutions). For the 0.5, 1, and 2.5% solutions, some radioactivity remained in the free fraction, while the 5% solution trapped all radioactivity. This concentration was thus determined as the most efficient for binding.
The number of subtraction cycles was chosen to optimize the two following parameters: (i) binding of homologous sequences and (ii) enrichment in nonhomologous sequences. For this purpose, two subtraction experiments were performed with the following pairs: (i) 100 ng of a-32P-labeled (Fig. 2) ; we later prove that the sample was contaminated by E. carotovora subsp. atroseptica DNA (data not shown).
Relative localization of the cloned fragments on E. carotovora subsp. atroseptica genomic DNA. In order to determine whether the cloned fragments corresponded to contiguous sequences, E. carotovora subsp. atroseptica 86.20 DNA was digested by several endonucleases (EcoRI, ClaI, and Sau3AI) and then blotted for Southern hybridization with each of the probes. As shown in Fig. 3 (34) .
We conclude from our experiments that only a subset of nonclustered heterologous sequences had been isolated by genomic subtraction.
A possible outcome of this work was to isolate sequences related to pathogenicity in E. carotovora subsp. atroseptica. Interestingly, probes B, C, and D hybridized to two E. carotovora subsp. atroseptica strains that were isolated from tomatoes and were also able to induce blackleg on potatoes (2, 26) . However, Priou (26) A4  B4  C4  C7  F6  K6  B8  G8  D8  B7  E8  C8   B6  D6  C6  F7  H6  G5   A7   F5  E7  H8  I8  NS  A8 Continued on following page likely that the isolated sequences are related to other physiological characteristics specific to E. carotovora subsp. atroseptica.
More generally, our data did not show a correlation between the presence of sequences homologous to the probes and any physiological feature of E. carotovora subsp. atroseptica or E. carotovora subsp. carotovora strains (26) . The exception to this observation was probe A, which corresponded to the proline permease gene. Use of probe A revealed that some E. carotovora subsp. carotovora strains do not possess a putP gene. This raised the question of proline uptake in strains lackingputP: i.e., the question of whether such bacteria are unable to efficiently import proline or whether they possess another carrier, as observed in E. coli and S. typhimurium (14) .
The results of dot blot hybridizations showed that the group of E. carotovora subsp. atroseptica strains was fairly homogeneous, although some heterogeneity was seen with probes E and F. Probe B recognized all E. carotovora subsp. atroseptica strains, but not the three atypical strains (89.19, 1H, and 40H) that grow at 37°C and do not induce typical blackleg symptoms on potato and were proposed as E. carotovora subsp. carotovora (4, 26) .
On the other hand, the group of E. carotovora subsp. carotovora strains appeared more heterogeneous. This conclusion is compatible with the results of phylogenic studies applying restriction fragment length polymorphism analysis to E. carotovora subsp. atroseptica and E. carotovora subsp. carotovora pel genes (4). The homogeneity of the E. carotovora subsp. atroseptica group may reflect the adaptation of the pathogen to the relatively low genetic diversity of cultivated potatoes. In contrast, E. carotovora subsp. carotovora is considered an opportunistic pathogen, with a wide host range and geographical distribution, which is consistent with high genetic diversity.
One application of genomic subtraction is to isolate DNA probes for diagnosis, as previously shown for Rhizobium 
